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1
ELECTRODE ASSEMBLY AND
RECHARGEABLE BATTERY USING THE
SAME

BACKGROUND

1. Field

The described technology relates generally to an electrode
assembly for a rechargeable battery. More particularly, the
described technology relates generally to an electrode assem-
bly having an improved separator and a rechargeable battery
using the same.

2. Description of the Related Art

Unlike a primary battery, a rechargeable battery can be
charged and discharged. Low-capacity rechargeable batteries
are used for portable compact electronic apparatuses, e.g.,
mobile phones, notebook computers, and camcorders, and
high-capacity rechargeable batteries are widely used as a
power source, e.g., for driving a motor of a hybrid vehicle, etc.

The rechargeable battery includes an electrode assembly
and a case in which the electrode assembly is installed, and
the case may have a cylindrical shape, a prismatic shape, a
pouch shape, etc. The electrode assembly includes a positive
electrode, a negative electrode, and a separator disposed
between the positive and negative electrodes. Here, the sepa-
rator separates the positive electrode and the negative elec-
trode to prevent a short-circuit therebetween, and absorbs
electrolyte required for a battery reaction to maintain high ion
conductivity.

The above information disclosed in this Background sec-
tion is only for enhancement of understanding of the back-
ground of the described technology and therefore it may
contain information that does not form the prior art that is
already known in this country to a person of ordinary skill in
the art.

SUMMARY

Embodiments are directed to an electrode assembly and a
rechargeable battery including the same, which substantially
overcome one or more of the problems due to the limitations
and disadvantages of the related art.

It is therefore a feature of an embodiment to provide an
electrode assembly with a separator structure capable of
being easily, spirally wound.

It is therefore another feature of an embodiment to provide
an electrode assembly with a separator structure having an
improved stability.

It is yet another feature of an embodiment to provide a
rechargeable battery with an electrode assembly having one
or more of the above features.

At least one of the above and other features and advantages
may be realized by providing an electrode assembly, includ-
ing a positive electrode including a positive electrode current
collector and a positive electrode active material layer on the
positive electrode current collector, a negative electrode
including a negative electrode current collector and a negative
electrode active material layer on the negative electrode cur-
rent collector, and a separator between the positive and nega-
tive electrodes, the separator including a heat-resistive unit
and a lubrication unit, the heat-resistive unit having a heat-
resistive material, and the lubrication unit being at an inner
front end of the spirally winding separator and having a
friction coefficient that is lower than that of the heat-resistive
unit.

30

40

45

50

2

The heat-resistive material may be an aramid. The heat-
resistive material may include at least one ceramic, PVDE,
and PVDF-HFP.

The separator may include a separator member and a first
heat-resistive layer on a portion of the separator member, the
first heat-resistive layer being in the heat-resistive unit, and
the separator member including a polymeric porous mem-
brane. The lubrication unit may include a portion of the sepa-
rator member without the first heat-resistive layer. Further,
the electrode assembly may include a lubrication layer in the
lubrication unit, the lubrication layer having a friction coef-
ficient that is lower than that of the separator member.

The separator may further include a second heat-resistive
layer on a portion of the separator member, the first and
second heat-resistive layers being on opposite surfaces of the
separator member, and the lubrication unit may include a first
lubrication unit and a second lubrication unit, the first lubri-
cation unit including a portion of the separator member with-
out the first or second heat-resistive layers, and he second
lubrication unit including only one of the first and second
heat-resistive layers. The heat-resistive material may be
embedded in the heat-resistive unit, and a friction coefficient
of the lubrication unit may be lower than that of the heat-
resistive unit by about 0.1 to about 0.3.

At least one of the above and other features and advantages
may also be realized by providing a rechargeable battery,
including an spirally winding electrode assembly having a
positive electrode, a negative electrode, and a separator
between the positive and negative electrodes, a case in which
the electrode assembly is installed, and a terminal electrically
connected to the electrode assembly and externally protrud-
ing from the case, wherein the separator includes a heat-
resistive unit and a lubrication unit, the heat-resistive unit
having a heat-resistive material, and the lubrication unit being
at an inner front end of the separator and having a friction
coefficient that is lower than that of the heat-resistive unit.

The heat-resistive material may be an aramid. The heat-
resistive material may include at least one of ceramic, PVDEF,
and PVDF-HFP.

The separator may include a separator member and a heat-
resistive layer on a portion of the separator member, the
heat-resistive layer being in the heat-resistive unit, and the
separator member including a polymeric porous membrane.
The Iubrication unit may include a portion of the separator
member without the first heat-resistive layer. A lubrication
layer having a friction coefficient that is lower than that of the
separator member may be formed in the lubrication unit.

The separator may include a separator member formed
with a polymer porous membrane, a first heat-resistive layer
formed at one side of the separator member, and a second
heat-resistive layer formed at the other side of the separator
member, The first and second heat-resistive layers may be
formed in the heat-resistive unit, and the lubrication unit may
include a first lubrication unit where the first and second
heat-resistive layers are not formed and a second lubrication
unit where a heat-resistive layer is formed only at one side of
the separator member. A heat-resistive material may be
embedded in the heat-resistive unit, and a friction coefficient
of the lubrication unit may be lower than that of the heat-
resistive unit by 0.1 to 0.3.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages will become
more apparent to those of ordinary skill in the art by describ-
ing in detail exemplary embodiments with reference to the
attached drawings, in which:
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FIG. 1 illustrates a perspective view of a rechargeable
battery according to a first exemplary embodiment.

FIG. 2 illustrates a cross-sectional view of FIG. 1, taken
along line I1-I1.

FIG. 3 illustrates a perspective view of an electrode assem-
bly according to the first exemplary embodiment.

FIG. 4 illustrates a cross-sectional view of FIG. 3, taken
along line IV-IV.

FIG. S illustrates a partial perspective view of the electrode
assembly before it is wound according to the first exemplary
embodiment.

FIG. 6 illustrates a cross-sectional view of the electrode
assembly wound around a winder according to the first exem-
plary embodiment.

FIG. 7 illustrates a partial perspective view of an electrode
assembly of a rechargeable battery according to a second
exemplary embodiment.

FIG. 8 illustrates a cross-sectional view of an electrode
assembly wound around a winder according to the second
exemplary embodiment.

FIG. 9 illustrates a partial perspective view of an electrode
assembly of a rechargeable battery according to a third exem-
plary embodiment.

FIG. 10illustrates a partial perspective view of an electrode
assembly of a rechargeable battery according to a fourth
exemplary embodiment.

DETAILED DESCRIPTION

Korean Patent Application No. 10-2010-0030072, filed on
Apr. 1, 2010, in the Korean Intellectual Property Office, and
entitled: “Electrode Assembly and Rechargeable Battery
Using the Same,” is incorporated by reference herein in its
entirety.

Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.

In the drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer (or element) is referred
to as being “on” another layer or substrate, it can be directly
on the other layer or substrate, or intervening layers may also
be present. In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

FIG. 1 illustrates a perspective view of a rechargeable
battery according to a first exemplary embodiment, and FIG.
2 illustrates a cross-sectional view of FIG. 1 along line II-II.
Referring to FIG. 1 and FIG. 2, a rechargeable battery 100
may include an electrode assembly 10 performing charging
and discharging, a case 34 in which the electrode assembly 10
is installed, and a cap assembly 20 connected to an opening of
the case 34.

The rechargeable battery 100 according to the first exem-
plary embodiment is exemplarily described as a lithium ion
battery. However, the example embodiments are not limited
thereto and may be applied to various types of batteries, e.g.,
a lithium polymer battery.

The case 34 forms an entire external appearance of the
rechargeable battery 100, and provides a space for installing
the electrode assembly 10 therein. For example, the case 34
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may be formed to have a cuboid shape with an opening at one
side thereof for receiving a cubically-shaped electrode
assembly 10. However, example embodiments are not limited
thereto, e.g., the case 34 may be formed with a pouch shape.
For example, the case 34 may be formed of metal, e.g., alu-
minum, an aluminum alloy, nickel-plated steel, and/or a
pouched laminate film

The cap assembly 20 may include a plate-shaped cap plate
30. The cap plate 30 may be coupled to the opening formed in
the case 34. A sealing cap 38 may be provided in an electro-
lyte solution injection hole 27 formed in the cap plate 30. In
addition, a vent plate 39 with a notch 39¢ may be positioned
in a vent hole provided in the cap plate 30, so the vent plate 39
may open or close under a predetermined pressure.

Positive and negative electrode terminals 21 and 22 may be
electrically connected to the electrode assembly 10, and the
positive and negative terminals 21 and 22 may protrude to the
outside of the case 34. The positive and negative terminals 21
and 22 may pass through the cap plate 30. The positive and
negative terminals 21 and 22 may have pillar shapes protrud-
ing through the cap plate 30 and may include respective
terminal flanges supported at the bottom of the cap plate 30.
Outer circumferences of the upper pillars protruding to the
outside of the cap plate 30 may be screw-processed. In addi-
tion, nuts 29 may be coupled to the positive and negative
electrode terminals 21 and 22 while supporting them from the
top side.

Upper and lower gaskets 25 and 28 may be installed
between the positive and negative electrode terminals 21 and
22 and the cap plate 30, so as to seal and insulate the electrode
terminals 21 and 22 and the cap plate 30 from each other.
Washers 24 for buffering a combining force may be formed
on the upper gaskets 25. The positive electrode terminal 21
may be electrically connected to a positive electrode 11 via a
first lead tab 31, and the negative terminal 22 may be electri-
cally connected to a negative electrode 12 via a second lead
tab 32.

A lower insulating member 26 may be disposed under the
cap plate 30, and the bottom ends of the electrode terminals 21
and 22 and the top ends of the lead tabs 31 and 32 may be
inserted into the lower insulating member 26. With this struc-
ture, the first lead tab 31 may electrically interconnect the
positive electrode terminal 21 and the positive electrode 11,
and the second lead tab 32 may electrically interconnect the
negative electrode terminal 22 and the negative electrode 12.

FIG. 3 illustrates a perspective view of the electrode assem-
bly 10 according to the first exemplary embodiment, and F1G.
4 illustrates a cross-sectional view of FI1G. 3 along line IV-IV.
Referring to FIG. 3 and FIG. 4, the positive electrode 11, the
negative electrode 12, and a separator 13 may be band-shaped
and elongated along one direction. The separator 13 may be
disposed between the positive and negative electrodes 11 and
12, so the separator 13 with the positive and negative elec-
trodes 11 and 12 may be wound together in a jelly-roll shape
to form the electrode assembly 10. A front end 10a (FIG. 5) of
the electrode assembly 10 is positioned as an innermost end of
awound electrode assembly 10, i.e., an end around which the
remaining electrode assembly 10 is wound.

Referring to FIG. 4, the positive electrode 11 may have a
structure in which positive electrode active material layers
112 are formed at both sides of a positive electrode current
collector 111. In detail, the positive electrode current collec-
tor 111 may be formed in along band shape, and may be made
of' metal, e.g., aluminum or stainless steel. The positive elec-
trode active material layer 112 may be deposited on opposing
surfaces of the positive electrode current collector 111, and
may include a positive active material, e.g., LiCoO,,
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LiMnQO,, LiFePO,, LiNiO,, and LiMn,O,, a carbon-based
active material, a trivalent active material, etc., and a conduc-
tive agent and a binder.

The negative electrode 12 may have a structure in which
negative electrode active material layers 122 are formed at
both sides of a negative electrode current collector 121. In
detail, the negative electrode current collector 121 may be
formed in a long band shape, and may be made of a metal,
e.g., copper, stainless steel, or aluminum. The negative elec-
trode active material layer 122 may be deposited on opposing
surfaces of the negative electrode current collector 121, and
may include a negative electrode active material, e.g.,
Li TisO,, or a carbon-based active material, a conductive
agent, and a binder.

In further detail, the positive electrode 11 may include a
positive electrode coated region 11a (FIG. 5) in which the
positive electrode active material layer 112 is formed and a
positive electrode uncoated region 116 (FIGS. 3 and 5) in
which the positive electrode active material layer 112 is not
formed. In other words, the positive electrode current collec-
tor 111 is exposed in the positive electrode uncoated region
115. The positive electrode uncoated region 115 may be
formed along a length direction of the positive electrode 11 at
one side end of the electrode assembly 10, as illustrated in
FIGS. 3 and 5.

Similarly, the negative electrode 12 may include a negative
electrode coated region 124 (FIG. 5) in which the negative
electrode active material layer 122 is formed and a negative
electrode uncoated region 126 (FIG. 5) in which the negative
electrode active material layer 122 is not formed. In other
words, the negative electrode current collector 121 is exposed
in the negative electrode uncoated region 124.

As illustrated in FIGS. 4 and 5, the separator 13 may
include a separator member 131 and a heat-resistive layer 132
formed on at least one surface of the separator member 131,
e.g., two heat-resistive layers 132 may be formed on respec-
tive opposite surfaces of the separator member 131. For
example, the heat-resistive layer 132 may be formed only on
afirst portion of the surface of the separator member 131, i.e.,
a portion of the separator 13 may include the separator 131
without the heat resistive layer 132 thereon. In detail, as
illustrated in FIG. 5, the separator 13 may include a heat-
resistive unit 135 and a lubrication unit 13a adjacent to the
heat-resistive unit 135. The heat-resistive unit 135 refers to a
region of the separator 13 that includes the heat-resistive layer
132 onthe separator member 131, and the lubricationunit 13a
refers to a region of the separator 13 including only the
separator member 131, i.e., without the heat resistive layer
132. The lubrication unit 13a may have a friction coefficient
that is lower than that of the heat-resistive unit 135, i.e., a
friction coefficient of the separator member 131 may be lower
than that of the heat-resistive layer 132.

The separator member 131 may include a polymeric
porous membrane, and may be made of various materials
applied to the separator 13. The heat-resistive layer 132 may
be formed of a heat-resistant material, e.g., aramid. The ara-
mid is highly resistive to heat and has excellent ion conduc-
tivity and, therefore, may guarantee heat resistance of the
separator 13 without deteriorating performance of the sepa-
rator 13, e.g., as compared to other heat-resistant materials.
However, the exemplary embodiment are not limited thereto,
and the heat-resistive layer 132 may be made of various
materials to be described hereinafter.

The heat-resistive layer 132 may be coated on the separator
member 131, and may prevent melting of the separator 13
when the internal temperature of the rechargeable battery 100
is increased. In contrast, when a conventional separator is
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formed to include only a separator member, e.g., a polymeric
porous membrane without a heat-resistive layer thereon, the
separator member may melt or contract at a high temperature,
e.g., due to overcharge, thereby causing a short circuit
between the positive electrode active material layer 112 and
the negative electrode active material layer 122 (or between
the negative electrode active material layer 122 and the posi-
tive electrode current collector 111). When the short circuit
occurs between the positive and negative electrodes, a large
amount of heat may be generated in the rechargeable battery
so that the rechargeable battery may combust or explode.
However, the heat-resistive layer 132 on the separator mem-
ber 131, according to exemplary embodiments, prevents
melting of the separator member 131, thereby preventing a
short circuit between the positive and negative electrodes 11
and 12.

As described previously, the heat-resistive layer 132 may
be formed only on the first portion of the separator member
131. That is, as illustrated in FIG. 5, an edge of the separator
13, i.e., the lubrication unit 13a, may not include the heat-
resistive layer 132. Further, the lubrication unit 13a of the
separator 13 may be formed at the front end 10a of an
unwound electrode assembly 10 to directly contact a winder
40 (FIG. 6) to wound the separator 13 with the positive and
negative electrodes 11 and 12 into a wound electrode assem-
bly 10 illustrated in FIG. 3. Attachment of the lubrication unit
134, i.e. a portion of the separator 13 without the heat-resis-
tive layer 132, to the winder 40 improves separation of the
electrode assembly 10 from the winder 40 after the electrode
assembly 10 is spirally wound, e.g., a direct contact between
the heat-resistive layer 132 and the winder 40 may make the
separation of the electrode assembly 10 from the winder 40
difficult due to the high friction coefficient of the heat-resis-
tive layer 132.

In detail, as illustrated in FIG. 6, the winder 40 may have an
overall cross-section with a groove 41 at a center thereof, and
the electrode assembly 10 may be wound on the external
circumferential surface of the winder 40. For example, only
the separator 13, i.e., the lubrication unit 134, may be inserted
into the groove 41 and wound on the external circumferential
surface of the winder 40. After the separator 13 is partially
wound on the winder 40, e.g., the lubrication unit 134 forms
one complete circle around the circumference of the winder
40, the heat-resistive unit 135 of the separator, the positive
electrode 11, and the negative electrode 12 may be wound on
the lubrication unit 13« around the winder 40.

The portion where only the separator 13 is contacting the
winder 40 prevents the active material on the electrodes from
staining the winder 40. Simultaneously, a direct contact of the
lubrication unit 13a of the separator 13 with the winder 40
facilitates separation of the electrode assembly 10 from the
winder 40.

For this reason, as illustrated in FIG. 5, the portion where
only the separator 13 is located exists at the inner front end
10qa of the electrode assembly 10. Since the lubrication unit
134 exists at the portion where only the separator 13 is wound,
the lubrication unit 134 and the winder 40 contact each other
when being spirally wound. In the lubrication unit 13a, the
heat-resistive layer 132 is not formed and the separator mem-
ber 131 is exposed. The separator member 131 has a friction
coefficient that is lower than that of the heat-resistive layer
132, and therefore the lubrication unit 13a may be separated
from the winder 40 with ease. For example, the lubrication
unit 13a may have a friction coefficient of about 0.3 to about
0.4, and the heat-resistive layer 132 may have a friction coef-
ficient of about 0.5 to about 0.6. For example, the friction
coefficient of the lubrication unit 134 may be lower than that
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of'the heat-resistive layer 132 by about 0.1 to about 0.3 in the
present exemplary embodiment.

As discussed previously, if a heat-resistive unit having a
friction coefficient that is higher than that of a lubrication unit
contacts the winder 40, the front end of the separator, i.e., the
heat-resistive unit, cannot be easily separated from the winder
40, e.g., the separator may be stuck to the winder, and an
internal portion of the electrode assembly 10 may protrude
when the electrode assembly 10 is separated from the winder
40. As such, the electrode assembly 10 may deform and
necessitate manual correction of the shape of the electrode
assembly 10, thereby substantially reducing productivity.
This problem occurs because the front end of the electrode
assembly 10 cannot be easily slid in the winder 40.

However, in the present exemplary embodiment, the lubri-
cation unit 134, i.e., where the heat-resistive layer 132 is not
formed, may be positioned at the front end 10a of the elec-
trode assembly 10 that contacts the winder 40. As the lubri-
cation unit 13a is easily separated from the winder 40, defor-
mation of the electrode assembly 10 may be prevented. In
addition, the heat-resistive unit 135 may be formed at a por-
tion that is adjacent to the lubrication unit 13a, e.g., the
heat-resistive unit 135 and lubrication unit 13a may be in
direct contact with each other, and the positive electrode 11
and the negative electrode 12 may be arranged to have the
heat-resistive unit 135 therebetween. Therefore, a short cir-
cuit of the positive electrode 11 and the negative electrode 12
may be prevented when the internal temperature of the
rechargeable battery 100 is increased.

FIG. 7 illustrates a partial perspective view of an unwound
electrode assembly of a rechargeable battery according to a
second exemplary embodiment. FIG. 8 illustrates a cross-
sectional view of the electrode assembly of FIG. 7 wound
around a winder.

Referring to FIG. 7 and FIG. 8, an electrode assembly 50
according to the present exemplary embodiment may include
a positive electrode 51, a negative electrode 52, and a sepa-
rator 53 disposed between the positive and negative elec-
trodes 51 and 52. The rechargeable battery of the present
exemplary embodiment is the same as that of the first exem-
plary embodiment, with the exception of the structure of the
separator 53. Therefore, a detailed description of the same
elements will not be repeated.

Referring to FIG. 7, the separator 53 according to the
present exemplary embodiment may include a heat-resistive
unit 535 having a first heat-resistive layer 532 and a second
heat-resistive layer 533 respectively formed on both sides of
a separator member 531. Further, the separator 53 may
include a lubrication unit 53a having a friction coefficient that
is lower than that of the heat-resistive unit 535. It is noted that
the friction coefficient of the heat-resistive unit 535 refers to
an average value of friction coefficients of both sides of the
separator 53, i.e., of the first and second heat-resistive layers
532 and 533. The first heat-resistive layer 532 and the second
heat-resistive layer 533 may be made of, e.g., ceramic, poly-
vinylidene fluoride (PVDF), or PVDF-HFP.

The lubrication unit 53¢ may include a first lubrication unit
53aa and a second lubrication unit 53ab adjacent to the first
lubrication unit 53aa. The first lubrication unit 53aa refers to
a region of the separator 53 where both sides of the separator
member 531 are exposed. The second lubrication unit 53ab
refers to a region of the separator 53 where only one side, i.e.,
surface, of the separator member 531 is exposed, i.e., the
second lubrication unit 53ab is formed only on one surface of
the separator member 531. The first heat-resistive layer 532
may extend on a surface of the separator member 531 that is
opposite the second lubrication unit 53ab. Further, the first
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heat-resistive layer 532 may overlap the second lubrication
unit 53ab. Therefore, the second lubrication unit 53ab may
have a friction coefficient that is lower than that of the heat-
resistive unit 535 and higher than that of the first lubrication
unit 53aa.

A illustrated in FIG. 8, the first lubrication unit 53aa may
be inserted into the groove 41 formed in the winder 40, such
that both sides thereof contact the winder 40, and one side of
the second lubrication unit 53ab contacts the external surface
of the winder 40. As described, according to the present
exemplary embodiment, the heat-resistive layers 532 and 533
may not be formed in the portion of the separator 53 contact-
ing the winder 40. Thus, the electrode assembly 10 may be
easily separated from the winder 40 after spiral-winding is
finished. In addition, the second heat-resistive layer 533 may
be formed at one side of the second lubrication unit 53ab, so
that the strength of the second lubrication unit 53ab may be
improved. Accordingly, deformation of the second lubrica-
tion unit 53ab may be prevented.

FIG. 9 illustrates a partial perspective view of an unwound
electrode assembly of a rechargeable battery according to a
third exemplary embodiment. Referring to FIG. 9, an elec-
trode assembly 60 according to the present exemplary
embodiment may include a positive electrode 61, a negative
electrode 62, and a separator 63 disposed between the positive
and negative electrodes 61 and 62. The rechargeable battery
according to the present exemplary embodiment is the same
as that of the first exemplary embodiment, with the exception
of the structure of the separator 63. Therefore, detailed
descriptions of the same elements will not be repeated.

The separator 63 according to the present exemplary
embodiment may include a heat-resistive unit 635 having a
heat-resistive layer 633 formed at both sides of a separator
member 631, and a lubrication unit 63a having a friction
coefficient that is lower than that of the heat-resistive unit 635.
The heat-resistive layer 633 may be coated over both sides of
the separator member 631 in the heat-resistive unit 635. The
heat-resistive layer 633 may be made of, e.g., an aramid,
ceramic, PVDF, PVDF-HEFP, etc.

In the lubrication unit 63a, a lubrication layer 632 may be
coated over both sides of the separator member 631. The
lubrication layer 632 may include a material having a friction
coefficient that is lower than that of the separator member
631. The lubrication layer 632 may be made of a solid, e.g., a
polymer material, and may have a structure in which a liquid,
e.g., a lubrication solution that does not react with an electro-
lyte solution, may be coated thereon. The lubrication layer
632 may be located at the front end of the electrode assembly
60. Thus, the lubrication layer 632 may contact the winder
when being spirally wound. In this case, the lubrication layer
632 may have a friction coefficient of about 0.1 to about 0.3
for separation from the winder with ease. In the present exem-
plary embodiment, the spirally-wound electrode assembly 60
may be easily separated from the winder by forming the
Iubrication layer 632 having a friction coefficient that is lower
than that of the separator 631.

FIG. 10 illustrates a partial perspective view of an electrode
assembly of a rechargeable battery according to a fourth
exemplary embodiment. Referring to FIG. 10, an electrode
assembly 70 according to the present exemplary embodiment
may include a positive electrode 71, a negative electrode 72,
and a separator 73 disposed between the positive and negative
electrodes 71 and 72. The rechargeable battery of the present
exemplary embodiment is the same as that of the first exem-
plary embodiment, with the exception of the structure of the
separator 73, and therefore, detailed descriptions of the same
elements will not be repeated.
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The separator 73 according to the present exemplary
embodiment may include a heat-resistive unit 735 where a
heat-resistive material is embedded in a separator member,
and a lubrication unit 73a having a friction coefficient that is
lower than that of the heat-resistive unit 735. A material
embedded in the heat-resistive unit 735, e.g., a ceramic mate-
rial, may be more heat-resistive than the separator member.
When the heat-resistive material is embedded in the separator
member, heat-resistivity of the separator 73 is increased.
Thus, the separator 73 may be prevented from being melted at
a high temperature, thereby improving stability of the
rechargeable battery.

The heat-resistive material is not embedded in the separa-
tor member located in the lubrication unit 73a. Accordingly,
a friction coefficient of the lubrication unit 73a may be lower
than that of the heat-resistive unit 734. Since the positive
electrode 71 and the negative electrode 72 are not stacked in
the lubrication unit 73a, the positive electrode 71 and the
negative electrode 72 may not be short-circuited when the
lubrication unit 73a is melted at a high temperature. Accord-
ingly, stability may not be deteriorated. In addition, only a
lubrication unit may be located at the front end of the sepa-
rator 73 to contact the winder when being spirally wound.
Accordingly, the electrode assembly 70 may be easily sepa-
rated from the winder after the spiral-winding.

According to the exemplary embodiments, a separator of
an electrode assembly may include a heat-resistive unit that
prevent melting of the separator at high temperatures.
Accordingly, an internal short-circuit between the electrodes
of'the electrode assembly may be prevented, thereby improv-
ing stability. In addition, the separator of the electrode assem-
bly may include a lubrication unit that may easily separate the
electrode assembly from a winder, thereby improving pro-
ductivity.

<Description of symbols>

100: rechargeable battery

11, 51, 61, 71: positive electrode
111: positive electrode current
collector

112: positive electrode active
material layer

11a: positive electrode coated
region

11b: positive electrode uncoated
region

12, 52, 62, 72: negative electrode
121: negative electrode current
collector

122: negative electrode active
material layer

12a: negative electrode coated
region

12b: negative electrode uncoated
region

13, 53, 63, 73: separator

132, 633: heat-resistive layer
13b, 53b, 63b, 73b: heat-resistive
unit

10, 50, 60, 70: electrode assembly

131, 531, 631: separator member
13a, 53a, 63a, 73a: lubrication unit

20: cap assembly 22: negative terminal

24: washer 25: upper gasket

26: insulating member 27: electrolyte solution injection hole
28: lower gasket

29: nut 30: cap plate

31: first lead tab 32: second lead tab

34: case 38: sealing cap

39: vent plate 39a: notch

40: winder 41: groove

532: first heat-resistive layer
53aa: first lubrication unit
632: lubrication layer

533: second heat-resistive layer
53ab: second lubrication unit
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Exemplary embodiments have been disclosed herein, and
although specific terms are employed, they are used and are to
be interpreted in a generic and descriptive sense only and not
for purpose of limitation. Accordingly, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made without departing from the
spirit and scope of the present invention as set forth in the
following claims.

What is claimed is:

1. An electrode assembly, comprising:

a positive electrode including a positive electrode current
collector and a positive electrode active material layer on
the positive electrode current collector;

a negative electrode including a negative electrode current
collector and a negative electrode active material layer
on the negative electrode current collector; and

a separator between the positive and negative electrodes,
the separator including a heat-resistive unit and a lubri-
cation unit, the heat-resistive unit having a heat-resistive
material, and the lubrication unit having a friction coef-
ficient that is lower than that of the heat-resistive unit,

wherein the lubrication unit is at an inner front end of the
separator, the lubrication unit extending beyond an inner
front end of each of the positive and negative electrodes,
the inner front ends of the separator, positive electrode,
and negative electrodes facing a same direction, and

wherein a portion of the heat-resistive unit of the separator
extends beyond the inner front end of each of the positive
and negative electrodes along a winding direction of the
electrode assembly, the lubrication unit extending
beyond an edge of the heat-resistive unit along the wind-
ing direction of the electrode assembly.

2. The electrode assembly as claimed in claim 1, wherein

the heat-resistive material is an aramid.

3. The electrode assembly as claimed in claim 1, wherein
the heat-resistive material includes at least one of ceramic,
PVDF, and PVDF-HFP.

4. The electrode assembly as claimed in claim 1, wherein
the separator includes a separator member and a first heat-
resistive layer on a portion of the separator member, the first
heat-resistive layer being in the heat-resistive unit, and the
separator member including a polymeric porous membrane.

5. The electrode assembly as claimed in claim 4, wherein
the lubrication unit includes a portion of the separator mem-
ber without the first heat-resistive layer.

6. The electrode assembly as claimed in claim 5, further
comprising a lubrication layer in the lubrication unit, the
lubrication layer having a friction coefficient that is lower
than that of the separator member.

7. The electrode assembly as claimed in claim 4, wherein:

the separator further comprises a second heat-resistive
layer on a portion of the separator member, the first and
second heat-resistive layers being on opposite surfaces
of the separator member; and

the lubrication unit includes a first lubrication unit and a
second lubrication unit, the first lubrication unit includ-
ing a portion of the separator member without the first or
second heat-resistive layers, and the second lubrication
unit including only one of the first and second heat-
resistive layers.

8. The electrode assembly as claimed in claim 1, wherein
the heat-resistive material is embedded in the heat-resistive
unit.

9. The electrode assembly as claimed in claim 1, wherein a
friction coefficient of the lubrication unit is lower than that of
the heat-resistive unit by about 0.1 to about 0.3.
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10. A rechargeable battery, comprising:
an spirally winding electrode assembly having a positive
electrode, a negative electrode, and a separator between
the positive and negative electrodes;
a case in which the electrode assembly is installed; and
aterminal electrically connected to the electrode assembly
and externally protruding from the case,
wherein the separator includes a heat-resistive unit and a
lubrication unit, the heat-resistive unit having a heat-
resistive material, and the lubrication unit being at an
inner front end of the separator and having a friction
coefficient that is lower than that of the heat-resistive
unit,
wherein the positive electrode includes a positive electrode
current collector and a positive electrode active material
layer on the positive electrode current collector, and the
negative electrode includes a negative electrode current
collector and a negative electrode active material layer
on the negative electrode current collector,
wherein the lubrication unit is at an inner front end of the
separator, the lubrication unit extending beyond an inner
front end of each of the positive and negative electrodes,
the inner front ends of the separator, positive electrode,
and negative electrodes facing a same direction, and
wherein a portion of the heat-resistive unit of the separator
extends beyond the inner front end of each of the positive
and negative electrodes along a winding direction of the
electrode assembly, the lubrication unit extending
beyond an edge of the heat-resistive unit along the wind-
ing direction of the electrode assembly.
11. The rechargeable battery as claimed in claim 10,
wherein the heat-resistive material is an aramid.
12. The rechargeable battery as claimed in claim 10,
wherein the heat-resistive material includes at least one of
ceramic, PVDF, and PVDF-HFP.
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13. The rechargeable battery as claimed in claim 10,
wherein the separator includes a separator member and a first
heat-resistive layer on a portion of the separator member, the
first heat-resistive layer being in the heat-resistive unit, and
the separator member including a polymeric porous mem-
brane.

14. The rechargeable battery as claimed in claim 13,
wherein the lubrication unit includes a portion of the separa-
tor member without the first heat-resistive layer.

15. The rechargeable battery as claimed in claim 14, further
comprising a lubrication layer in the lubrication unit, the
lubrication layer having a friction coefficient that is lower
than that of the separator member.

16. The rechargeable battery as claimed in claim 13,
wherein:

the separator further comprises a second heat-resistive

layer on a portion of the separator member, the first and
second heat-resistive layers being on opposite surfaces
of the separator member; and

the lubrication unit includes a first lubrication unit and a

second lubrication unit, the first lubrication unit includ-
ing a portion of the separator member without the first or
second heat-resistive layers, and the second lubrication
unit including only one of the first and second heat-
resistive layers.

17. The rechargeable battery as claimed in claim 10,
wherein the heat-resistive material is embedded in the heat-
resistive unit.

18. The rechargeable battery as claimed in claim 10,
wherein a friction coefficient of the lubrication unit is lower
than that of the heat-resistive unit by about 0.1 to about 0.3.

19. The electrode assembly as claimed in claim 1, wherein
uncoated portions of the positive and negative electrodes
extend in directions other than that of the inner front ends of
the positive and negative electrodes.
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